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Objective: The relationship between bone graft technique and postoperative outcomes for 
minimally invasive transforaminal lumbar interbody fusion (MIS TLIF) has not been well-
defined. This study aims to determine the effect of iliac crest bone grafting (ICBG) on pa-
tient-reported outcomes (PROs) and complication rates following MIS TLIF.
Methods: Primary, single-level MIS TLIF patients were consecutively analyzed. Patients 
that prospectively received a percutaneous technique of ICBG were compared to patients 
that retrospectively received bone morphogenetic protein-2 (BMP-2). Complication rates 
were assessed perioperatively and up to 1 year postoperatively. Changes in Oswestry Dis-
ability Index (ODI), visual analogue scale (VAS) back, and VAS leg pain were compared. 
Rates of minimum clinically important difference (MCID) achievement at final follow-up 
for ODI, VAS back, and VAS leg scores were compared.
Results: One hundred forty-nine patients were included: 101 in the BMP-2 cohort and 48 
in the ICBG cohort. The ICBG cohort demonstrated increases in intraoperative blood loss 
and shorter lengths of stay. ICBG patients also experienced longer operative times, though 
this did not reach statistical significance. No significant differences in complication or reop-
eration rates were identified. The ICBG cohort demonstrated greater improvements in VAS 
leg pain at 6-week and 12-week follow-up. No other significant differences in PROs or MCID 
achievement rates were identified.
Conclusion: Patients undergoing MIS TLIF with ICBG experienced clinically insignificant 
increases in intraoperative blood loss and did not experience increases in postoperative pain 
or disability. Complication and reoperation rates were similar between groups. These re-
sults suggest that ICBG is a safe option for MIS TLIF.

Keywords: Minimally invasive transforaminal lumbar interbody fusion; Iliac crest bone 
graft; Bone morphogenic protein-2; Oswestry Disability Index; Visual analogue scale; Mini-
mum clinically important difference

INTRODUCTION

Minimally invasive transforaminal lumbar interbody fusion 
(MIS TLIF) is a clinically effective surgical treatment for lum-
bar degenerative disease.1,2 Since being introduced, technologi-

cal advancements in instrumentation and bone grafting adjuncts 
have led to improved postoperative outcomes and patient satis-
faction. However, the concern for pseudarthrosis remains sig-
nificant, with reported rates ranging from 2.0%–40.0% follow-
ing spinal fusion.3,4
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Although several advances have been made to improve fu-
sion rates, bone grafting techniques remain a significant factor 
in achievement of arthrodesis. The iliac crest bone graft (ICBG) 
has been considered the “gold standard” grafting technique in 
lumbar fusion surgery. Autologous bone grafts, such as ICBG, 
provide an effective biological scaffold for bone growth due to 
the graft’s osteoconductive and osteoinductive properties.5 Ad-
ditionally, autologous graft adjuncts avoid the potential con-
cerns of immunogenicity and disease transmission associated 
with alternative graft materials. However, morbidity associated 
with ICBG remains a concern. Postoperative donor site pain is 
the most common issue associated with ICBG and has been re-
ported in 2.8% to 27.9% of patients.6,7 ICBG techniques have 
also been associated with increased operative time and greater 
intraoperative blood loss.8 In an effort to avoid these complica-
tions, alternative graft materials such as demineralized bone 
matrix, ceramics, and recombinant bone morphogenetic pro-
tein-2 (BMP-2) have been developed.9-11 These graft alternatives 
have demonstrated similar rates of arthrodesis to autograft, but 
have also been associated with higher surgical costs and addi-
tional complications.9,12-15

Previous studies have investigated differences in outcomes 
between patients undergoing lumbar fusion with ICBG and 
lumbar fusion with graft alternatives.16-18 However, there is a 
paucity of literature in regard to differences in outcomes based 
on graft adjunct in the minimally invasive spine population. As 
such, the purpose of this study is to evaluate postoperative out-
comes for patients undergoing MIS TLIF with ICBG or BMP-2.

MATERIALS AND METHODS

1. Patient Population
Following Institutional Review Board approval (ORA #1505-

2601), all patients scheduled to undergo primary, 1-level MIS 
TLIF with ICBG by a single surgeon from 2016 to 2017 were 
considered for prospective inclusion in the ICBG cohort. A his-
torical cohort of patients that underwent primary, 1-level MIS 
TLIF with BMP-2 from 2014 to 2016 was identified from a pro-
spectively maintained database of patients treated by the same 
surgeon (ORA #14051301). All patients were treated for degen-
erative pathology. Patients were excluded if they were treated 
for non-degenerative pathology or had less than 6 months of 
follow-up data.

2. Surgical Technique
A standard MIS TLIF procedure was performed using a para-

median approach.19 In the ICBG cohort, autologous bone graft 
was harvested from the iliac crest contralateral to the site of de-
compression using a minimally invasive technique.20 For L5-S1 
procedures, a single incision was utilized for ICBG harvest and 
MIS TLIF. For L4–5 procedures, a separate 14-mm incision was 
created over the posterior superior iliac spine (PSIS) to access 
the iliac crest. A high-speed burr was used to remove the cap of 
the PSIS through a tubular retractor. Approximately 45–50 mL 
of ICBG was obtained using a combination of curettes. After 
copious irrigation of the wound, adequate hemostasis was 
achieved using Gelfoam as well as a hemostatic matrix (FLO-
SEAL; Baxter, Deerfield, IL, USA), and 0 Vicryl was used to re-
approximate the deep fascia. Surgical drainage was not placed 
in the harvest site. Following endplate preparation, the inter-
body device was packed with ICBG and the residual crest and 
local bone graft were packed around the device in the interver-
tebral site. The interbody devices utilized during our study pe-
riod included the PEEK T-PAL Spacer System (DePuy Synthes, 
Raynham, MA, USA); the PEEK Concorde Bullet (DePuy Syn-
thes); and the titanium expandable cage (ALTERA; Globus Med-
ical, Audubon, PA, USA). For the BMP-2 cohort, the interbody 
device was packed with local bone graft, BMP-2 (extra small 
kit, 1.4 mL), and 15 mL of crushed allograft. The concentration 
of rhBMP-2 (Infuse; Medtronic, Fridley, MN, USA) utilized in 
our study was 0.75 mg/mL.

3. Data Collection
Patient demographic, comorbidity, and perioperative data 

were collected for each patient. Demographic and comorbidity 
information included age, sex, body mass index (BMI), smok-
ing status, comorbidity burden, and preoperative pain. Of note, 
comorbidity burden was assessed using a modified Charlson 
comorbidity index (CCI) with the age component removed in 
order to evaluate age and comorbidity burden separately. Peri-
operative characteristics collected included operative time, esti-
mated intraoperative blood loss, procedure level, and length of 
postoperative stay. Complications that occurred during the 
perioperative period and up to 1 year postoperatively were re-
corded.

Patient-reported outcome (PRO) questionnaires were com-
pleted preoperatively and at the 6-week, 12-week, 6-month, and 
1-year postoperative time points. PRO measures included visu-
al analogue scale (VAS) back pain, VAS leg pain, and Oswestry 
Disability Index (ODI). Achievement of minimum clinically 
important difference (MCID) for improvement in PROs at final 
follow-up was determined using values proposed by Copay et 
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al.21. MCID cut-offs for VAS back, VAS leg, and ODI were set at 
-1.2, -1.6, and -12.8, respectively.

4. Statistical Analysis
Statistical analysis was performed using Stata ver. 13.0 (Stata-

Corp LP, College Station, TX, USA). Demographic and periop-
erative characteristics were compared between ICBG and BMP-
2 cohorts using chi-square analysis and independent t-tests for 
categorical and continuous variables, respectively. Complica-
tion and reoperation rates were assessed for the perioperative 
period and up to 1 year postoperatively using chi-square analy-
sis. Postoperative changes in PROs were compared between co-
horts using independent t-tests. Rates of MCID achievement at 
final follow-up for ODI, VAS back, and VAS leg scores were 
compared between groups using chi-square analysis. Statistical 
significance was set at p< 0.05.

RESULTS

A total of 149 patients were included in this analysis, 101 
(67.8%) in the BMP-2 cohort and 48 (32.2%) in the ICBG co-
hort. For the BMP-2 cohort, 122 patients had undergone the 
operation during the study period, but 21 patients were exclud-
ed from our study due to having follow-up periods shorter than 
6 months. This resulted in 82.8% (101 of 122) of patients who 

received BMP-2 being included in our study. For the ICBG co-
hort, 57 patients had undergone the operation during the study 
period, but 48 patients were included in our study due to the 
rest having follow-up periods shorter than 6 months. This re-
sulted in 84.2% (48 of 57) of patients who received ICBG being 
included in our study. Mean length of postoperative follow-up 
was 9.7 months (range, 6–12 months). Preoperative character-
istics of the BMP-2 and ICBG cohorts are detailed in Table 1. 
There were no significant differences between groups with re-
gard to age, sex, BMI, smoking status, comorbidity burden, or 
preoperative pain.

Table 2 compares perioperative characteristics and complica-
tion rates for the BMP-2 and ICBG cohorts. ICBG patients ex-
perienced a longer operative time compared to BMP-2 patients 
(119.2 minutes vs. 110.6 minutes, p= 0.062); however, this did 
not reach statistical significance. The ICBG cohort demonstrat-
ed a greater estimated intraoperative blood loss (62.5 mL vs. 
50.0 mL, p = 0.026) though this was not clinically significant. 
No differences in operative level were observed between co-
horts (p> 0.05). Additionally, patients in the ICBG cohort had a 
significantly shorter length of stay (29.9 hours vs. 36.1 hours, 
p = 0.043). No inpatient complications occurred in the ICBG 

Table 1. Baseline characteristics by bone graft type

Characteristic BMP-2 
(n = 101)

ICBG 
(n = 48) p-value†

Age (yr) 51.9 ± 12.4 53.2 ± 10.7 0.524

Sex 0.069

   Female 29 (28.7) 21 (43.8)

   Male 72 (71.3) 27 (56.2)

Body mass index 0.511

   Nonobese ( < 30 kg/m2) 51 (50.5) 27 (56.3)

   Obese ( ≥ 30 kg/m2) 50 (49.5) 21 (43.7)

Smoking status 0.302

   Nonsmoker 84 (83.2) 43 (89.6)

   Smoker 17 (16.8) 5 (10.4)

Ageless CCI 1.0 ± 1.2 0.9 ± 1.0 0.609

Preoperative VAS pain 6.9 ± 2.0 7.3 ± 1.8 0.229

Values are presented as mean ± standard deviation or number (%).
BMP-2, bone morphogenetic protein-2; ICBG, iliac crest bone graft; 
CCI, Charlson comorbidity index; VAS, visual analogue scale.
†p-values calculated using chi-square analysis for categorical variables 
and independent t-tests for continuous variables.

Table 2. Operative characteristics and complication rates by 
bone graft type

Variable BMP-2 
(n = 101)

ICBG 
(n = 48) p-value†

Operative time (min) 110.6 ± 25.6 119.2 ± 27.4 0.062

Estimated blood loss (mL)   50.1 ± 24.7   62.5 ± 42.3 0.026*

Operative level 0.278

   L2–3 1 (1.0) 0 (0)

   L3–4  6 (5.9) 0 (0)

   L4–5   48 (47.5) 22 (45.8)

   L5–S1   46 (45.5) 26 (54.2)

Length of hospital stay (hr) 36.1 ± 17.4 29.9 ± 17.6 0.043*

Complications‡

   Inpatient 2 (2.0) 0 (0) -

   Postoperative 1 (1) 0 (0) -

Reoperation§ 1 (1) 1 (2.1) -

Values are presented as mean ± standard deviation or number (%).
BMP-2, bone morphogenetic protein-2; ICBG, iliac crest bone graft.
*p < 0.05, statistically significant differences. †p-values calculated us-
ing chi-square analysis (categorical) and independent t-tests (contin-
uous). ‡Complications included altered mental status (n = 2) and su-
perficial wound infection at 6 weeks postoperative (n = 1). §Reasons 
for reoperation included adjacent segment disease (n = 1) and unre-
lated pathology (n = 1).
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group and 2 patients in the BMP-2 cohort experienced altered 
mental status, who were noted to experience transient, mild 
disorientation immediately following surgery while in the post-
anesthesia recovery setting. However, both patients quickly re-
covered and were discharged from the hospital on postopera-
tive day 1 with otherwise no complications. The only observed 
surgical complication was a superficial wound infection at 6-week 
follow-up and occurred in the BMP-2 group. One patient in 
each cohort underwent a subsequent procedure in the first post-
operative year. The BMP-2 patient received an L5-S1 anterior 
lumbar interbody fusion for adjacent segment disease 11 months 
following L4–5 MIS TLIF. The ICBG patient received an L2–3 
lateral lumbar interbody fusion 8 months following an L4–5 MIS 
TLIF for unrelated pathology.

Postoperative changes in PROs from preoperative values are 
described in Table 3. ICBG and BMP-2 patients demonstrated 
similar improvements in ODI and VAS back pain scores at all 

Table 3. Change in patient-reported outcomes by bone graft 
type

Variable BMP-2 
(n = 101)

ICBG  
(n = 48) p-value†

VAS back

   Preoperative 6.2 ± 2.5 5.9 ± 2.7 0.432

   6-Week Δ -2.2 ± 2.8 -2.2 ± 3.3 0.903

   12-Week Δ -2.7 ± 2.9 -3.0 ± 2.5 0.555

   6-Month Δ -2.9 ± 3.1 -2.8 ± 3.4 0.922

   1-Year Δ -3.2 ± 3.3 -3.5 ± 3.5 0.677

VAS leg

   Preoperative 5.3 ± 2.7 6.1 ± 2.9 0.090

   6-Week Δ -2.4 ± 3.4 -3.6 ± 3.0 0.035*

   12-Week Δ -2.9 ± 2.9 -4.3 ± 2.9 0.014*

   6-Month Δ -3.1 ± 3.0 -4.0 ± 3.0 0.064

   1-Year Δ -3.2 ± 3.4 -3.8 ± 3.7 0.476

ODI

   Preoperative 41.0 ± 16.4 37.9 ± 17.0 0.281

   6-Week Δ -5.0 ± 19.6 -8.2 ± 15.8 0.339

   12-Week Δ -12.0 ± 17.4 -13.0 ± 15.7 0.768

   6-Month Δ -17.4 ± 19.7 -18.0 ± 17.8 0.854

   1-Year Δ -19.2 ± 18.4 -20.0 ± 19.1 0.843

Values are presented as mean ± standard deviation.
BMP-2, bone morphogenetic protein-2; ICBG, iliac crest bone graft; 
VAS, visual analogue scale; ODI, Oswestry Disability Index.
∆ = postoperative ODI/VAS – preoperative ODI/VAS.
*p < 0.05, statistically significant differences. †p-values calculated us-
ing independent t-tests.

Fig. 1. Line graph demonstrating Oswestry Disability Index 
scores preoperatively and up to 1 year postoperatively for ICBG 
and BMP-2 cohorts. BMP-2, bone morphogenetic protein-2; 
ICBG, iliac crest bone graft.
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Fig. 2. Line graph demonstrating visual analogue scale back 
pain scores preoperatively and up to 1 year postoperatively for 
ICBG and BMP-2 cohorts. BMP-2, bone morphogenetic pro-
tein-2; ICBG, iliac crest bone graft.
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Fig. 3. Line graph demonstrating visual analogue scale leg 
pain scores preoperatively and up to 1 year postoperatively for 
ICBG and BMP-2 cohorts. BMP-2, bone morphogenetic pro-
tein-2; ICBG, iliac crest bone graft.
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postoperative time points (Figs. 1, 2). The ICBG cohort report-
ed significantly greater improvement in VAS leg pain at 6 weeks 
(-3.6 vs. -2.4, p= 0.035) and 12 weeks (-4.3 vs. -2.9, p= 0.014), 
but not at subsequent time points (Fig. 3). No differences in rates 
of MCID achievement for ODI, VAS back, or VAS leg were ob-
served between groups at final follow-up (Table 4).

DISCUSSION

ICBG is an effective graft option for lumbar fusion proce-
dures. However, concerns exist regarding postoperative donor 
site pain and morbidity associated with ICBG techniques.22,23 
While previous studies have investigated the relationship be-
tween bone graft technique and lumbar fusion outcomes,24-26 
the effect of ICBG using a minimally invasive technique on post-
operative outcomes following MIS TLIF has not been well-de-
fined.

In the present study, use of ICBG was associated with small 
increases in estimated intraoperative blood loss of 12 mL and 
shorter postoperative hospital stay of 6 hours. Low complica-
tion rates were demonstrated for both ICBG and BMP-2 co-
horts during the inpatient stay and first postoperative year. Only 
one patient required a reoperation related to the index proce-
dure and this occurred in the BMP-2 cohort. Finally, postoper-
ative improvements in PROs were comparable among patients 
receiving ICBG or BMP-2 during MIS TLIF.

Minimally invasive ICBG harvesting was not associated with 
an increased complication rate in the present study, without 
complications identified in this cohort. This complication rate 
is lower than demonstrated in previous studies within the spine 
literature. Among patients undergoing MIS TLIF with ICBG, 
reported complication rates range from 5.0%–16.66%,17,27-30 with 
the most common complications being iliac crest bone infec-
tions and superficial wound infections. A systematic review per-
formed by Tuchman et al.18 investigated the efficacy of ICBG in 

lumbar fusions compared to allograft or local autograft. A total 
of 6 studies were identified comparing outcomes between ICBG 
and non-ICBG cohorts. Although complications were reported 
inconsistently across included studies, no differences in infec-
tion, dural tear, pedicle screw misplacement, or instrumentation 
failure rates were observed between treatment groups. Howev-
er, donor site-specific complications, including donor site pain, 
hematoma/seroma, and sensory loss, were reported to occur 
more frequently in ICBG cohorts. When comparing use of ICBG 
to BMP in lumbar fusion patients, the literature has reported simi-
lar rates of perioperative complications (23% for each, p= 0.771) 
but higher rates of donor site complications (7% vs. 0%, p= 0.001) 
and complications requiring surgical treatment (20% vs. 12%, 
p = 0.006), among ICBG cohorts.25 The present study did not 
identify an increased complication rate among ICBG patients 
or any reported donor site complications, which suggests that 
the use of minimally invasive techniques for ICBG harvesting 
may limit the morbidity previously associated with the proce-
dure.

Postoperative improvement in PROs is a primary focus after 
spinal procedures such as MIS TLIF. This is magnified with the 
use of ICBG, as donor site harvesting is thought to lead to in-
creased pain and disability. This study demonstrated that pa-
tients receiving ICBG do not experience inferior outcomes with 
respect to ODI and VAS back and leg pain. In fact, ICBG pa-
tients may experience greater improvements in VAS leg pain 
during the first several months of recovery. One possible expla-
nation for this finding may be the development of postopera-
tive radiculitis from BMP use, leading to comparatively less im-
provement in leg pain in the BMP cohort.13,31,32

Similar outcomes have been reported in a meta-analysis by 
Noshchenko et al.25 comparing the use of ICBG and BMP in 
lumbar fusion procedures. After pooling data from 8 eligible 
studies, no significant differences in postoperative improvement 
for ODI, VAS back, or VAS leg pain scores were identified be-
tween ICBG and BMP cohorts. Interestingly, donor site pain 
was reported to occur in 49% of patients at 24-month follow-
up. However, it is important to note that subsequent reports have 
suggested that donor pain is overreported in the literature.6,33,34 
While donor site pain was not explicitly assessed in the present 
study, anecdotally, no patients reported donor site pain at their 
follow-up clinic visits. This supports the idea that donor site 
pain may be overreported within the literature. Furthermore, 
the use of minimally invasive approaches for ICBG harvesting 
may play a role in limiting donor site pain. Continued investi-
gation into true rates of donor site pain associated with various 

Table 4. Achievement of minimum clinically important dif-
ference at final follow-up

Variable BMP-2 (n = 101) ICBG (n = 48) p-value†

VAS back 72 (71.3) 33 (68.8) 0.751

VAS leg 63 (62.4) 31 (64.6) 0.794

ODI 60 (59.4) 30 (62.5) 0.718

Values are presented as number (%).
BMP-2, bone morphogenetic protein-2; ICBG, iliac crest bone graft; 
VAS, visual analogue scale; ODI, Oswestry Disability Index.
†p-values calculated using chi-square analysis.
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ICBG harvesting techniques is necessary. Nonetheless, the com-
parable improvements in pain and disability, combined with re-
ported cost advantages and enhanced arthrodesis rates, makes 
ICBG an effective option for patients undergoing MIS TLIF.

A major limitation of the present study is that achievement of 
arthrodesis was not evaluated. This analysis instead aimed to 
focus on PROs with the use of minimally invasive surgical tech-
niques. Moreover, fusion rates in the comparison of BMP-2 ver-
sus ICBG have been discussed extensively within previous liter-
ature regarding lumbar spine fusion procedures.24-26,35,36 For in-
stance, in a multicenter, randomized prospective study of pa-
tients undergoing posterior lumbar interbody fusion for degen-
erative disc disease, Haid et al.37 found statistically insignificant 
differences in fusion rates between the BMP-2 and ICBG groups. 
Another investigation conducted by Katayama et al.38 assessing 
patients undergoing posterolateral lumbar fusion who concur-
rently received ICBG and BMP-2 on either side demonstrated 
there was no statistically significant difference in the fusion rate 
at 2 years following surgery (82% vs. 91%). Finally, in a meta-
analysis of 13 randomized controlled trials and 31 cohort stud-
ies, Fu et al.35 concluded that BMP-2 and ICBG were similar in 
attaining successful fusion rates, which ranged from 77% to 93% 
at the 2-year postoperative timepoint in both cohorts. These 
findings from the literature, along with the results we demon-
strated in our study regarding the comparable perioperative 
outcomes, complication rates, and PROs between BMP-2 and 
ICBG demonstrate that ICBG may be a safe and effective op-
tion. Further studies will need to be conducted in order to in-
clude long-term fusion rates as evaluated by radiographic re-
sults in patients after undergoing MIS TLIF.

This study has additional limitations. First, all patients were 
treated by a single surgeon at a single institution, which may 
limit the generalizability of these results to a broader, more di-
verse patient population. Second, the data we analyzed in our 
study may not follow a normal distribution, such as the ODI, 
VAS, and CCI scores. In these cases, other methods of statisti-
cal analysis such as the Mann-Whitney U-test can be utilized. 
Nevertheless, the t-test is commonly employed in the spine lit-
erature for PROs. Third, the incidence of donor site pain was 
not specifically evaluated in this patient population. While no 
patients in this cohort reported pain at the donor site at their 
postoperative clinic visits, more work is needed to determine 
the true rates of donor site pain associated with minimally in-
vasive ICBG harvesting techniques. Finally, some patients may 
have been treated for complications outside of the institution in 
which this study was performed. As such, the complication rates 

may be slightly underestimated in this analysis. However, we 
believe that our practice is relatively closed and the incidence of 
unreported complications to be relatively low.

CONCLUSION

Patients undergoing MIS TLIF with ICBG experienced clini-
cally insignificant increases in estimated intraoperative blood 
loss as compared to those receiving BMP-2. Use of ICBG was 
not associated with an increased complication rate. Additional-
ly, ICBG patients did not experience increases in postoperative 
pain or disability compared to BMP-2 patients. These results, 
coupled with the advantages in arthrodesis promotion and cost 
savings, suggest that the use of ICBG is a safe and effective op-
tion for patients undergoing MIS TLIF. Additional investigation 
is needed to determine long-term outcomes and rates of donor 
site pain for patients undergoing MIS TLIF with ICBG.
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